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The 1 photoionization curves and the threshold energies for the molecule and several abundant 
fragment ions of CF 4 , C 2 F«, C 3 F 8 , C 4 F, , CF 3 H, CF,C1, CF,Br, and CF 3 I have been measured. The 
threshold energies are correlated and the ionic heats of formation and some bond dissociation energies 
are calculated. It is apparent that the values obtained for the CF+ ions are not the adiabatic ones, but 
include large amounts of excess energy. This excess is the lowest for the CF+ from CF.J for which an 
explanation is suggested. Assuming that the excess is not zero for the last compound we obtain the 
following upper limits: A///S(CF :{ ) 4 ^ + 365.3 kj mol ' = + 87.3 kcal mol" 1 ; /(CF { ) + ^ 8.62 eV; 
/(C2F5) 4 *£ 8.72 eV; /(C,F 7 ) + ^ 8.70 eV; /(CF.,) 1 *£ 8.68 eV. From the mean value D(C P -C P )=402 
±2 kj mol ' = 96.0 ±0.5 kcal mol ' the bond dissociation energies D(C„-C S ) = 363 ±3 kj mo] ' 
= 86.8±0.8 kcal mol ' and D(C,-C,) = 337±4 kj mol , = 80.6±1.0 kcal mol ' and D(C„-F) = 525 
kj mol 1 = 125.7 kcal mol" 1 are calculated. 
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1. Introduction 

The spectra, ionization and dissociation energies of 
various ions from fluorocarbons and trifluoromethyl 
halides have been measured by electron impact 
[1-11] l or spectroscopically [12] by several authors. 
The heat of formation and the bond dissociation ener- 
gies have also been measured or calculated by various 
methods [13—26]. Many of those values are not in good 
agreement. However, recent measurements have given 
improved values for some fundamental data — from 
which most bond energies are derived — such as the 
heat of formation of HF in aqueous solution by Johnson 
et al. [30] and the heat of formation of CF 4 by Domalski 
and Armstrong [31]. General and critical reviews have 
been made by Benson [27], Kerr [28], and Lacher and 
Skinner [29]. 

The photoionization of the (CF :i ) free radical has also 
been measured recently by Lifshitz and Chupka [32]. 
Thus it has seemed worthwhile to remeasure by pho- 
ton impact the ionization energies of selected positive 
ions from several fluorocarbons. To assist in the inter- 
pretation of the results we include measurements of 
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trifluoromethyl halides and fluoroform. All of these 
results are reported and discussed in this paper. 

2. Experimental Procedure 

Measurements were made by means of an instrument 
previously described [33]. It consists of a single focus- 
ing, 15 cm radius, 60 degree deflection mass spectrom- 
eter with a Seya-Namioka vacuum ultraviolet mono- 
chromator of a focal length of 1 m and a resolution of 
1 A with both slits of the monochromator fixed at 
0.1 mm. The gold-coated 1200 groove/mm grating 
could be o manually rotated with a resetability better 
than 0.5 A. 

The wavelengths were measured with an accuracy 
better than 1 A. The photon sources used were as 
follows: 

1. From 1400 to 1050 A the continuum discharge in 
argon at a pressure of 400 mm excited by means of 
a 800 W 2450 MHz microwave generator. 

2. From approximately 1100 to 900 A the many-lined 
spectrum produced by microwave discharge in 
hydrogen. 

3. From 950 to 600 A the Hopfield continuum ex- 
cited by a d-c discharge in helium at a pressure of 
250 mm. 

The relative photon intensity was measured by the 
photoelectric effect on a piece of chemically clean 
tungsten intercepting the beam of light when it leaves 
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the ion source. A correction for the sensitivity of photon 
detection as a function of the wavelength was intro- 
duced according to Wheaton [34]. The ion current 
was measured with a 20 stage electron multiplier, a 
preamplifier, an amplifier, and scaler. 

An empirical formula was established to correct for 
the decrease in the sample reservoir pressure, the 
molecular weight and the viscous flow of the gas 
through the leak. A program to permit all the above 
processing of the data by computer was written and 
used in most of this work. 

A smoothing computational procedure using Cheby- 
shev polynomials was also applied to some curves 
using a program developed at the NBS by R. B. Parlin, 
but all the ionization thresholds were determined 
before introducing any smoothing. 

The gases used were obtained from commercial 
sources and purities, as stated by the suppliers, were 
generally better than 99.5 mole percent. Mass spectra 
indicated no interfering impurities significant to these 
measurements. 

3. Results 

Some typical photoionization yield curves for fluoro- 
carbons and perfluoromethyl halides are shown in 
figures 1 to 5. The wavelength is plotted in the abscissa 
and the ion yield (ion current per photon transmitted 
through the ion source) is plotted in arbitrary units 
on the ordinate. 

Molecular ions were not observed in any of the 
fluorocarbons but they appeared in all the perfluoro- 
methyl halides and in fluoroform. The CF+ ions were 
the most abundant in all the molecules examined at a 
wavelength of 584 A. The observed ionization thresh- 
olds of all ions are summarized in table 1. 
CFj ion from CF 4 . The onset was located at 799 ± 1 A 
in good agreement with that of 796.7 A found by Cook 



et al. [12]. It was gradual and smooth with no hot 
bands or autoionization peaks observed. The principal 
feature is a very definite increase in slope at approxi- 
mately 725 A suggesting that at higher energies two 
ionization mechanisms are superimposed. 
C 2 FJ ion from C 2 Fh. The onset is at 805 A and the 
curve is smooth and gradual until 720 A. Then to 685 

o ° 

A a partially resolved structure probably due to auto- 
ionization is observed and also another one near 
650 A. 

CF+ ion from C 2 F 6 . The threshold at 910 A is fol- 
lowed by a very long and continuous slope until 600 A 
with some structure superimposed near 730 A — 690 
and 640 A probably due to some autoionization. 
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Figure 2. Ionization curve for C 2 F^ ion from C 2 Fh. 
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Figure 1. Ionization curve for CF.| ion from CF 4 . 
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FIGURE 4. Ionization curve for C 3 F£ ion from C.jFs. 
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Figure 5. Ionization curve for CF^ ion from CF.J. 



Table 1. Summary of experimental ionization thresholds 



Substance 


Ion 


A 


eV 


kj mo) ' 


kcal mol ■•' 


Observations 




ICF 3 ) + 










No ions. 


CFi 


799 


15.52 


1498 


357.9 






f (C,F 6 ) + 

(C 2 F,) + 

(CF 3 ) + 

1<CF)+ 










No ions. 


C 2 F« 


802 
910 

740 


15.46 
13.62 
16.75 


1492 
1314 
1616 


356.5 
314.1 
386.3 






f(C s F 8 )< 

HUlF;)' 

( (C 2 F,) + 
i(CF,)* 












C.,Fk 


803 
931 
938 


15.44 
13.32 
13.22 


1490 
1285 

1276 


356.1 
307.2 
304.9 






f(C,F,„) + 

(C 4 F a ) + 

- (C :1 F 7 ) + 

<C,F 5 )+ 

(C 2 F :1 ) + 

[(CF,) + 












C 4 F I0 


804 
932 
792 
950 
792 
938 


15.42 
13.30 
15.65 
13.05 
15.65 
13.22 


1488 
1283 
1510 
1259 
1510 
1276 


355.6 
306.7 
360.9 
300.9 
360.9 
304.9 




CF :t Cl 


{(CF 3 cir 

1<CF,) + 


1001 
982 


12.43 
12.57 


1199 
1213 


286.8 
290.0 




CF,Br 


J(CF :t Br) + 
1(CF,) + 


Detected 
1059 


but not mea 
11.84 


sured. 

1142 


273.0 


Small peak. 


CF.d 


((CF : J)+ 

l(CF :1 ) + 


1212 
1138 


10.23 
10.89 


987 
1051 


236.0 

251.0 




CF.,H 


f(CF.,H) + 

1<CF 3 ) + 


Detected 
877 


but not mea 
14.14 


sured. 

1364 


326.1 


Small peak. 



In this and subsequent tables and text, the following equivalences are used: 1 eV mole- 
cule 1 =96.4870 kj mol 1 ; 1 kcal mol '=4.1840 kj mol" 1 ; 1 cm 1 = 12398.1 X 10 « eV. 

C :J F|" ion from C :i F H > The curve begins at 803 A and 
increases gradually until nearly 745 A (the onset of 
the CF + ion) where it reaches a flat top. 
CFj from CF 3 I. The onset is very gradual and dif- 
ficult to locate exactly, but definitely at an energy not 
higher than 10.89 eV. Some structure in the curve 
(probably due to vibrations in the ion) could be clearly 
seen when a correction for the scattered light was 
introduced. 

The curves of the remaining ions also exhibit smooth 
thresholds followed by more or less gradual increases. 



Occasionally a rapid increase is observed which is 
interpreted as the beginning of a new dissociation 
process. No other special characteristics were ob- 
served of consequence for this work. It is noteworthy 
that in these molecules as in the case of hydrocarbon 
ions [35] little evidence is obtained for autoionization 
except as noted above. 

4. Discussion 

The values at room temperature of the heat of for- 
mation A///? 9H (CF{X) and the heat of dissociation 
D 298 (CF,-X) for X=F, CI, Br, I, H and CF 3 are 
known. Thus it is possible to derive in each case a 
value for the heat of formation A///£ 98 (CF 3 ) of the 
free radical by the relation 

Ai#? 98 (CF 3 )= Affi5»(CF 3 -X) 

+ D 298 (CF.3-X)-A///? 98 (X). 

The values of A///S > (CF 3 X) were calculated using 
the values of H 2 9h~Ho given in NBS Technical Note 
270-3 [14]. Calling (CF*)+ the ions, excited or not, 
in the state and with all the excess energy with which 
they are obtained by photoionization at the threshold, 
we have calculated: 

Atf/?(CF*) + = A///J(CF : ,X) + A(CF*) - A///?(X) 

In the case of the free radical CF3 the value 2 
A///2° 98 (CF:0 — _ 112.5 kcal mol -1 has been obtained by 
averaging the other six numbers in that column in 
table 2; it coincides with the value —112.5 ±1.2 kcal 
mol -1 measured by Coomber and Whittle [211. The 



2 The use of units of kcal mol ' in portions of this paper is for the purpose of comparing 
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Table 


2a. Thermodynamic values (in kcal mol 


*) of several fiuorocarb 


ons a 






ATO, 


(CF 3 X) 


Kef." 


A//ft(CF 3 X) c 


D 298 (CF., - X) 


Ref. b 


A(CF*) 


ATO.(CF.) 


ahwcf*v 


E.E. 


I(CF*) + ' 


CF 3 -F 


-222.87 ±0.38 


[31] 


-221.5±0.4 


129.3±2 


21 


357.9 


-112.45 


118.0 


>30.7 


229.5 


CF 3 -H 


-165.1 ±0.5 


[24] 


-163.4 ±0.5 


106.2 ±0.5 


25 


326.1 


-111.0 


109.6 


>21.8 


220.6 


CF 3 -CF 3 


-321.0 ±0.1 


[22] 


-319.0±0.1 


93 ±4 


18 


314.1 


-114.0 


106.6 


>19.3 


218.1 


CF 3 






-111.5 








d - 112.5 


101.8 


> 14.5 


K 213.3 


CF,-C1 


-165.8 ±0.5 


[23] 


-164.6 ±0.5 


82.9 


n 


290.0 


-112.0 


96.7 


> 9.4 


208.2 


CF,-Br 


-155.5 ±0.2 


[ 19-20] 


-152.6 ±0.2 


69.4 ±0.8 


20 


273.0 


-112.8 


92.2 


> 4.9 


203.7 


CF S -I 


- 139.4 


[24] 


-138.0 


53.7 


24 


251.0 


-111.3 


87.3 


> 0.0 


198.8 



■ Estimated uncertainties. 

b Refers to numbers in the bibliography. 

c Calculated from A///£ 9H . 

d Average of the other six values in this column. 

e Calculated from CF 3 Br and CF 3 I. 

r Calculated from E.E. + A///J(CF*) + from CF 3 I. 

w Obtained by Lifschitz and Chupka [32] by photoionization of CF :{ free radical. 



TABLE 2b. Thermodynamical values in kj mol ! for the same compounds 



AHJl H 


(CF 3 X) 


A//£(CF 3 X) 


[WCF 3 -X) 


A(CF*) 


A///^(CF,) 


A//ft(CF*) 


E.E. 


I(CF*) + 


CF 3 -F 
CF3-H 
CF 3 -CF 3 

CF, 


-956.9 
-697.0 
-1343.0 


-926.8 
-683.7 
- 1334.0 
-466.5 
-688.7 
-638.5 
-577.8 


541.0 
444.0 
389.0 


1497.5 
1364.4 
1314.2 


-470.5 
-464.4 
-477.0 
-470.7 
-468.6 
-472.0 
-465.7 


493.7 
458.6 
446.0 
425.9 
404.6 
385.8 
365.3 


> 128.4 

> 91.2 

> 80.8 

> 60.7 

> 39.3 

> 20.5 

> 0.0 


960.2 
923.0 
912.5 
892.5 


CF,-C1 
CF 3 -Br 
CFa-I 


-693.7 
-650.6 
-583.7 


346.8 
290.4 

224.7 


1213.4 
1142.2 
1050.2 


871.1 
852.3 
831.8 



corresponding A///o°(CF*) + was obtained by correcting 
to K and adding the threshold photoionization energy 
of 9.5 eV = 213.3 kcal mol -1 measured by Lifschitz 
and Chupka [32]. 

From the comparison of the A///£ 98 (CF 3 ) values so 
obtained it is easy to see that the thermochemical 
values agree quite well; their differences are not 
larger than ±1.5 kcal mol -1 . On the contrary the dif- 
ferences in A///o°(CF*) + are much larger, some 30 
kcal mol -1 from CF 4 to CF3L The disagreement is too 
large to be attributed to the errors in either the photo- 
ionization or the thermochemical measurements. It 
is apparent that for some reason we have not meas- 
ured the adiabatic potential and some excess energy 
is included (perhaps very small for CF3I). 

The substances in table 2 have been listed according 
to their decreasing values of A///o(CF*) + . We observe 
that the order is one of increasing atomic weight of X 
and of increasing C— X distances [36] for the halides. 
This suggests the following explanation. In all the listed 
CF3X molecules the orbitals of the valence electrons 
of the carbon are sp 3 . It has been demonstrated [26] 
that the CF3 free radical is not planar. That suggests 
that the orbitals retain at least some sp 3 character. 
However, the CFJ ion is planar, and the three valence 
electrons are in sp 2 orbitals lying in a plane with the 
vacant p orbital perpendicular to it [37]. It seems 
reasonable then to assume that, like the isoelectronic 
BF 3 molecule, an electron from one of the nonbonding 
pairs of an F jumps to the p — C orbital forming a 77 
bonding. There are three similar possible configura- 
tions in resonance with the empty p orbital structure 



and with some partially ionic structures [38]. In the 
case of BF3 a resonance energy of 48 kcal mol -1 has 
been calculated [39]. It is likely that in the CFJ ion 
due to more favorable charge distribution conditions 
that value will be still higher. 

The following consequences can be deduced: 

If we accept the approximate value of 10.8 eV sug- 
gested by Lifschitz and Chupka as the vertical ioniza- 
tion potential of the CF 3 free radical, an adiabatic 
threshold energy lower than 8.62 eV (as our measure- 
ments from CF3I suggest) does not seem unreasonable 
but very probable. This would require that both the 
FCF angles and the FC distances in the free radical 
be approximately the same as those in the CF3X mole- 
cules; in other words that the C orbitals be still nearly 
pure sp 3 . 

If the B — F distances change from 1.43 A in the 
BFj to 1.295 A in BF 3 because of the resonance of the 
77 bonding and especially because of that of the par- 
tially ionic forms [38, 41], similar and perhaps larger 
changes can be expected from CF3 radical to CFJ ion. 
Thus some appreciable amount of energy must be 
associated with the symmetrical stretching vibrations. 
Of course large out-of-plane bending vibrations are 
also expected. 

It is likely that in the case of the CF 3 X molecules, 
at least part of the resonance energy is not lost as 
excess energy but transferred by radiationless mech- 
anisms to the dissociation coordinate in accordance 
with the fundamental postulate of the quasiequilibrium 
theory of mass spectra [40]. In that case the changes 
in orbital configurations, the 77 bonding and the res- 
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onance, occur at least partially before the dissociation 
is completed. Palko and Drury have suggested that 
the formation of the tt orbitals in BF 3 is due to the high 
repulsion between the nonbonding electron pairs 
crowded in the small valence shell of the F atoms. 
Thus it can be expected that the process will be rather 
difficult to complete in CF3X before dissociation when 
the X atom is F, easier when it is CI and Br, and still 
easier with I. 

Despite the fact that CF3I+ has a longer residence 
time in the ion source than CF^Br + , the molecular 
ion peak is relatively larger. No molecular or corre- 
sponding metastable peak is observed with CF 4 . This 
indicates that the dissociation process is the longest 
with CF3I, shorter in CF ;i Br and CF ;} C1, and so short 
in CF 4 that it is not improbable that some appreciable 
kinetic energy could be lost in the fragmentation. 

Thus in the CF3I the dissociation process gives more 
time and far less difficulty to the transfer of the res- 
onance energy to the dissociation coordinate; this is 
enough for the transfer to be total or nearly so. In the 
rapid dissociation of the CF 4 only a small amount can 
be transferred, the other part being lost as excess 
energy. Similar reasoning would explain the inter- 
mediate situation in the dissociation of CF3 — CI, 
CF3 — Br, and also with the nonhalogens like CF. { — H 
and CF; { — CF ;{ , etc. The decisive influence of the 
crowding of electrons in the valence shell of F and 
X could explain why the nontransferred excess energy 
is so definitely dependent on the nature of the atoms 
related to the bond broken in those molecules, as we 
will see later. 

In the case of the CF : $ free radical there is no frag- 
mentation and thus below the vertical ionization po- 
tential the transfer of excess energy to the ionization 
process must be reached through a completely dif- 
ferent mechanism. Thus only in this case vibrational 
peaks appear clearly superimposed on the threshold 
of the ionization yield curve. Apparently only the out- 
of-plane bending frequencies are observed on the 
curves obtained by Lifshitz and Chupka. 

This does not need to be interpreted in the sense 
that there are not other vibrations in the ion but only 
as an evidence that this is the only one which has a 
transfer mechanism rapid enough or efficient enough 
to be detected. 

This could explain the inability to observe the true 
adiabatic threshold energy. The difference between the 
adiabatic and the observed value would correspond 
at least to some energy of the completely symmetrical 
stretching vibrations. 

The smallest excess of energy is that of D(CF :{ — I), 
but we have not found any indication that it is zero 
or very small, so we can calculate only lower limits of 
the excesses of energy (table 3) 

It has been suggested above that the excess energy 
would only depend on the bond broken. We can ef- 
fectively observe from table 1 that for the CF : | ions 
obtained from C.jFs and C4F10, in both of which we 
obtain the same ion by breaking similar bonds, where 
the only probable difference is a difference in excess 



Fable 3. Lower limits of excess energy calculated from threshold 
'energies 



Bond dissociation 


Excess energy 


kcal mol -1 


kj mol" 1 


eV 


D(CF 3 -F) 

I)(CF t -H) 


>30.7 
>22.3 

> 19.3 

> 14.5 
>9.4 
>4.9 
>0.0 


> 128 
>93 
>81 
>61 ' 
>39 
>20 
>0 


> 1.32 
>0 96 


D(CF 3 -CF 3 ) 


>0.83 


I(CF 3 ) 


> 0.63 


I)(CF t -Cl) 


>0 41 


D(CFs-Br) 


> 0.21 


D(CF 3 -I) 


>000 







energy, this difference is exactly zero. However, in the 
case of the C 2 F^ ions obtained from C 2 F<> and C ;} F 7 , 
in which different bonds are broken, the difference is 
2.14 eV. Further, in the case of the C3FJ ions obtained 
from C;iF 8 and C4F10, in which the same two kinds of 
bonds are broken, the difference is also 2.14 eV. 

Comparing the threshold energies of CFj and 
C 2 FJ from C : jF 8 , and assuming the same excess energy 
because the same bond is broken, we get 

/(C 2 F.O + = /(CF,) + + 0.10eV; 

from CF| and C-jFj (from C4F10) 

/(C,F 7 ) + =/(CF,) + +0.08eV; 

by difference: /(C 2 F+) -/(C 3 F 7 ) + = 0.02 eV. 

This is exactly the difference between the threshold 
energies of the (C 2 F r ,)+ from C 2 F ({ and (C. { F 7 ) + from 
C.,F 8 . 

The difference of 0.40 eV between threshold ener- 
gies of CF ; | from C 2 F« ; and from C.}F H is easily ex- 
plained by the fact that in the first case a bond between 
two primary carbons is broken whereas in the second 
one it is a bond between a primary and a secondary 
carbon. The difference of 0.27 eV between the thres- 
hold energy of (C 2 F 5 )+ from C 3 F 8 and C4F10 would 
likewise be due to the fact that one bond is between 
a primary and a secondary carbon and the other 
between two secondary carbons. 

There probably are small differences in the excess 
energy related to each kind of bond and so the dif- 
ferences observed do not necessarily measure ac- 
curately the differences in bond energies. As a rule, the 
internal consistency of the values obtained by photo- 
ionization is not a proof in itself that the differences in 
threshold energies can give accuratelv the differences 
in bond dissociation energies. Nevertheless in this case 
if we note that the difference in the appearance poten- 
tials of the (CF.0 + ions from CF 4 and C 2 F« is 43.8 kcal 
mol" 1 but the calculated difference in excess energy 
is only 8.4 kcal mol -1 (less than one fifth) it seems 
probable that the differences in excess energy are 
small between bonds connecting the same kinds of 
atoms (all C — C or all C — F) but differing only in the 
fact that the carbons are primary or secondary. When 
the total differences are small themselves, they can 
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be taken to good approximation as differences in bond 
dissociation energies, perhaps with not less accuracy 
than direct thermochemical measurements. 

In our case we can write approximately D(Ci — Ci) — 
0.4 eV-D(C,-C 2 )-D(C 2 -C 2 )+0.3 eV and consider 
that to a good approximation all the m-19 ions meas- 
ured had the same excess energy^ and all the others 
an excess B — A— 8.4 kcal mol -1 , despite the fact 
that the values obtained from CF : J indicate that 
B 25 19.3 kcal mol" 1 which is a rather large value. 
If we accept the values 

/(CF 3 ) + ^ 8.62 eV - 198.8 kcal mob 1 and 
A#/°(CF,) + ^ + 87.3 kcal mob 1 we get 
/(C2F.0 + = /(CF 3 ) + + 0.10 eV^8.72 eV 
/(C,F 7 ) + = /(CF 3 )+ + 0.08 eV^8.70 eV 
/(C4F 9 ) + = /(C 3 F 7 ) + -0.02 eV^8.68 eV. 

Accepting the mean value 

AJ/y^CFsH- H2.5 ±0.4 kcal mol -1 we get 
D 2 98(CF 3 -CF 3 ) = 96.0±0.5 kcal mob 1 and 

D 298 (CF, - F) - D 298 (CF 3 - CF 3 ) 

= 33.3 kcal mol" 1 = 1.44 eV. 

Thus this CF bond is approximately 1.44 eV stronger 
than the C — C bonds between primary carbons. 
Less accurately we can write: 

D 298 (Ci-C 2 )-D 29 8(C 1 -C 1 ) 

-0.40 eV = 86.8 kcal moh 1 

D 298 (C 2 -C 2 )-D 298 (C 1 -C 1 ) 

-0.67 eV = 80.6 kcal mol" 1 . 

It is thus possible to predict the following values for 
the appearance potentials from C5F12. 



A(C 5 F u ) + = 15.4eV 


A(C 2 F 5 ) + =13.0eV 


A(C4Fi,) + = 13.3 eV 


A(CF 3 ) + = 13.2 eV 


A(C :( F 7 ) + = 13.0 eV 


/(C 5 F,,) + «8.68eV. 



Assuming for all the Ci — F dissociations the same 
excess energy of 30.7 kcal mol 1 found for D(CF 3 — F) 
we can obtain 

D(e 2 F 5 -F)= 125.8 kcal mob 1 

D(C 3 F 7 -F)= 125.6 kcal mob 1 . 



This coincidence suggests that in the second case the 
lost F was also bonded to a primary carbon and we can 
accept a mean value 

D(C, - F)= 125.7 kcal mol" 1 , 

slightly lower than D(F 3 C — F). This result can be com- 
pared with 

D(CF 3 -Br) = 69.4±0.8 kcal mob 1 
D(C 2 F 5 -Br)=D(C 3 F 7 -Br) 

= 67.0 ±2.5 kcal mol 1 

obtained by Coomber and Whittle [2]. If in the second 
case F were bonded to the secondary carbon, that 
would have meant D(Ci — F)=Z)(C 2 — F). This does not 
seem likely. The value obtained for A///? 98 (CF 3 ) from 
C 2 Fh appears to be too high, and that from CF 3 I too 
low. It is likely that: 

D(CF 3 -CF 3 )= 96.0 ±0.5 kcal mol" 1 
D(CF 3 - Br) = 69. 7 ± 1 kcal mol 1 
D(CF 3 -I) =52.5±1 kcal mol" 1 . 

Table 4 has been obtained using these values. 

We can also mention that except for CF 3 — F, the 
Ci-F bonds are D 298 (d -F)- D 298 (C, -d) = 29.7 
kcal mol -1 = 1.28 eV stronger than the Ci — Ci bonds. 

5. Conclusion 

Very precise values of the threshold energies for 
the molecular and fragment ions can be obtained by 
photoionization, but there is no reason to assume a 
priori that those values correspond to the adiabatic 
transition. 

It is shown in this paper that in some cases the total 
excess energy with which the ions are obtained at 
threshold can be different from zero by amounts that 
cannot be neglected. Nevertheless, in the present 
state of the art, when this excess energy can be deter- 
mined, photoionization can give dissociation energy 
values as good or better than direct thermochemical 
methods. 



I am indebted to H. M. Rosenstock, V. H. Dibeler, 
G. T. Armstrong, and W. H. Evans for very helpful sug- 
gestions and discussions and to the International 



Table 4. 



Dissociation 


Adiabatic dissociation 


Excess energy 


Photoionization dissociation 


kcal mol -1 


kj mol-' 


eV 


kcal mol"' 


kj mol ' 


eV 


kcal mol -1 


kj mol 1 


eV 


F,C-F 


129.3 
125.7 
106.2 
96.0 
86.8 
80.6 
81.7 
69.7 
52.5 


541 
525 
444 
402 
363 
337 
342 
292 
220 


5.61 
5.45 
4.61 
4.16 
3.76 
3.49 
3.54 
3.02 
2.28 


> 30.7 
>30.7 
>22.3 

> 19.3 

> 19.3 

> 19.3 
>9.4 
>4.9 
>0 


>128 
>128 
>93 
>81 
>81 
>81 
>39 
>20 
>0 


> 1.32 

> 1.32 
>0.96 
>0.83 
>0.83 
>0.83 
>0.41 
>0.21 
>0 


> 160.0 

> 156.4 

> 128.5 

> 115.3 

> 106.1 
>99.9 

> 91.1 
>74.6 

> 52.5 


>669 
>653 
>537 
>482 
>444 
>418 
>381 
>312 
>0 


>6.93 


C,-F 


>6 77 


F 3 C-H 


> 5.57 


C1-C1 


>4.99 


C,-C 2 


>4.59 


Cj-Cj 


>4.32 


F,C-C1 


> 3.95 


F,C-Br 


>3.23 


F.C-I 


>2.28 
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